Recognition by the DNA repair system of DNA structural alterations induced by reversible drug-DNA interactions.
Ditercalinium (NSC 335153) was synthesized as a bifunctional DNA intercalator. It is made of two 7-H pyridocarbazole rings joined by a rigid bis-ethyl bispiperidine chain. It binds to DNA with high affinity and elicits anti-tumor activity on a variety of animal tumors. 1H n.m.r. studies of ditercalinium bis-intercalated into d(CpGpCpG)2 have shown that the intercalation process occurs from the large groove of the DNA helix while the two intercalated rings are separated by two base pairs. Because of the linking chain rigidity of ditercalinium, DNA conformation has to be altered to permit the intercalation of the two rings. DNA must be bent toward the minor groove. In E. coli, ditercalinium elicits a specific toxicity on polA strains which is suppressed by an additional uvrA mutation. In vitro, the purified UvrA and UvrB proteins bind to the DNA-ditercalinium complex in an ATP dependent manner. The UvrABC complex induces single-strand nicks, but only when ditercalinium is bound to negatively supercoiled DNA. The life-time of the UvrAB-DNA-ditercalinium complex is greater than 50 min when free ditercalinium concentration is maintained constant in the incubation medium. The cytotoxicity of ditercalinium in E. coli results from the induction of a futile and abortive DNA repair. The reversible ditercalinium-DNA complex mimics a bulky DNA lesion, yet the UvrABC endonuclease is unable to cope with a reversible lesion since it cannot eliminate the causative agent. The interaction of UvrA and UvrB proteins has also been studied with DNA and other DNA-binding drugs forming high-affinity complexes such as distamycin. The Uvr protein recognition process appears to be associated with specific DNA structural alterations. In eukaryotic cells, ditercalinium is concentrated in mitochondria. Mitochondrial DNA is rapidly and totally degraded. Mitochondrial DNA coded proteins being no longer synthesized, the respiratory chain is progressively inactivated. The stimulation of the glycolytic pathway allows the cells to continue growth for several generations. Dihydro-orotate dehydrogenase is located in the inner membrane of mitochondria and its activity is dependent on mitochondria energization. It becomes inactive after ditercalinium treatment. A drop of the pyrimidine pool is then observed. Complementation of treated cells with uridine decreases 10-fold the ditercalinium toxicity. The cellular delayed toxicity of ditercalinium results from the slow induction of a pyrimidineless state associated with the progressive inactivation of mitochondria. The results show that DNA structural alterations induced by reversible drug-DNA complexes can be recognized by DNA repair enzymes.(ABSTRACT TRUNCATED AT 400 WORDS)